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ABSTRACT

DCE activities in the Eastern Gas Shales are directed at determning the
geol ogi¢ character and nmgnitude of the Devonian Age Shale gas resource and
toward increasing production of natural gas. Geologic evaluations of the col-
| ected formation characterization data are essentially complate to deternine
basin linits and stratigraphic intervals as potential gas sources. Wth these
devel opnents, large areas of the Devonian Shale have evolved as geol ogi c prov-
inces exhibiting certain characteristics that require specific technologica
devel opments for extraction.

Concurrently, research has identified the nature of producible gas contain-
ment to be the micro- and nacro-fractures of the shale formation. now edge of
these natural fractures, their directionality, and intensity has enabled the
devel opment and testing of effective stimulation techniques <o connect the gas-
bearing conducts to the wellbore. This report describes ths rationale support-
ing the devel opnent of provinces within the Eastern gas shales and reviews the
results of pilot stinulation tests as an early assessment of the strategy devel-
oped to effectively exploit the gas bearing shales.
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| NTRCDUCT! ON

The Eastern Gas Shales Project (EGSP) is a multidisciplinary research effort
directed towards increasing natural gas production from the Devonian Shal es of
the Appal achian, Illinois, and Mchigan Basins of the Eastern United States.

The overal|l goals of the EGSP are: (1) to develop the technol ogies that
wi |l establish effective and environmeatally acceptable means for |ocating and
produci ng natural gas from Devonian Shales and (2) to reduce the uncertainty
surrounding the potential magnitude of reserves so that the private sector wl|
be encouraged to develop the resource on a large scale. Specific objectives of
this project are:

0 Devel opnent of accurate estimtes of gas in place and economically recover-
abl e resources.

0 Devel opment of exploration rationales for the identification of prospects.
0 Devel opment and inprovement of cost-effective extraction nethods.

EGSP efforts during the first 4 years of the planned 9-year project have
been directed at determining the geologic character and magnitude of the Devonian
Shal e ggs resource and toward increasing production of natural gas fromthis
resource base. Al nost all of the planned formation characterization work
required to update the resource know edge base has been conpleted.  Geologi:al
evaluations are essentially conplete to ascertain basin limts and stratigrap:ic
t:zgets as potential gas sources. Wth these devel opments, |arge areas of :ae
Devonian Shal e have evol ved as geol ogi c provinces exhibiting certain charact: =~
istics that require particular technological developnents for extracticn.
Accordingly, EGSP activities are planned for each geol ogic province (Figu-z 1},
nanel y:

L Productive areas of Kentucky and West Virginia.

2. Ohio and related areas in New York, Western Pennsylvania, and Northern West
Virginia.

3. Appal achi an Front in Pennsylvania, Mryland, Wst Virginia, and Virginia.

4, Deep Appal achian Basin in Pennsylvania and \West Virginia.

5. Il'linois and M chigan Basins.
6 - Speculative areas in all Eastern states.

The EGSP is structured into the follow ng functional categories or program
activities:

o Evaluation.
0 Resource and Site Characterization.
o Research, Instrumentation, and Mdeling.

0 Production Technol ogy Devel opnent.
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The first three activities provide for resource data acquisition and the
devel opment and testing of techniques for |ocating probable areas of gas-bearing
natural fracture systems and for predicting the probable production froma par-
ticular stimulation nmethod in a certain geologic province. The fourth activity
Is directed at the devel opment and testing of cost-effective methods for extract-
ing gas fromthe various geologic provinces in the shale. Specific task activi-
ties are discussed inthe follow ng sections.

RESEARCH APPROACH
EVALUATI ON

The Evaluation activity in the project is designed to integrate facts as
they devel op; to assess recent technol ogical devel opnents and related industry
activities; to ensure conpliance with environnental regulations and address site
specific environnental problens; to develop a systems nodel for updating estimates
of the potential resource; and to develop and monitor program plans that reflect
the integration of the technical, geologic, economc, and other types of data.
Tasks and elenments that support this activity are listed bel ow

1 Project Integration:
- Perform program pl anning and control
- Devel op an information management system
- Provide engineering analysis.

2. Envi ronment al Probl ens:
- Determ ne baseline conditions.
- Perform site specific analysis.

3. Non- Techni cal Constraints:
- Perform market studies.
- Assess inpact of price on technol ogy.

4. Systems and Economic Eval uations:
- Develop an integrated systens nodel.
- Eval uating shale province economcs.

5, Assessnent of Resource Potential

- Devel oping gas in-place estimtes for provinces.
- Devel opi ng estimates of recoverable gas.

6. Technol ogy Transfer:
- Devel oping information file.
- Prepare and distribute publications.
- Hosting neetings and workshops.
- Assessing effectiveness of transfer.

Acconpl i shments conpl eted include an environnental inpact plan for the proj-
ect, econonmic analyses of stimulation techniques for the various basias, tae
establishment of a conputerized information retrieval systemand pilot resource
assessnent studies. The technol ogy being developed in the project is being
transferred to the private sector through synposia, an open-file library, sem -
annual progress reports, newsletters, publications, and presentations
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RESOURCE AND SI TE CHARACTERIZATION

This activity of the project is structured to devel op the necessary resource
data base for characterizing the Devonian Shale provinces and to devel op explora-
tion rationales. The information will be used to assess the potential of various
resource areas, to guide nodeling efforts, and to design stinulation tests.
Tasks and el enents that support this activity are |listed bel ow

1 Col l ection of Resource Data:
- Acquire cores and geophysical |oop.
- Perform basic geol ogi ¢ studies.
- Perform physical and chem cal tests on cores.

2. Devel opment of Exploration Concepts
- Perform gas production/geol ogy analyses.
- Perform lineament/production anal yses.
- Assess geol ogi cal and geophysical techniques.
- Assess areal variation of production with stress.

3. Devel opment of Ceol ogi cal Prospects for Production
- Test appropriate exploration rationales.
- ldentify prospects for test wells within geologic provi nces.

Types of data collected include stratigraphic, structural, sedinmentol ogical
physical, and chemical data for identification of gas-bearing fracture systens.
Field-work consists of coring and | ogging to provide data for |ab work. Labora-
tory research includes chemcal, physical, elemental, and mineral ogical studies
to determne the stratigraphic sources of gas and the degree of fracturing in
the reservoir. The needed data has been provided through contracts with universi-
ties and state geol ogical surveys and the results were conpiled and synthesized
by the USGS for the various geol ogic provinces. 'Shale characterization studies
are being acquired through contracts to universities, research institutes, and

private industry for province R& efforts to develop and inprove nethods of
| ocating gas-bearing naturally fractured reservoirs

RESEARCH, | NSTRUMENTATI ON, AND MODEL DEVELOPMENT

This activity in the project is directed at the devel opment of new di agnos-
tic tools, stimulation approaches, and predictive capability to accurately fore-
cast reservoir performance whenever extraction nethods are applied to particular
geol ogic provinces in the Devonian Shale. Meeting these objectives requires
basic and applied R&D in the laboratory and the field and the devel opment of
nodel s.  The model s serve to describe the present understanding of the stinmula-
tion processes, gas flow from the reservoirs, and economc paranmeters related to

fracturing and production. Tasks and el ements that support this activity are
described bel ow.

1 Fracture Mechanics Studies:
- Perform shal e/fluid compatability studi es.
- Perform fracture conductivity studies.
- Update stimulation nodels for specific provinces.



2. Updat e Reservoir Production Hodels:
- Establish petro-physical data base.
- Update reservoir performance nodels
- Verify reservoir nodels with performance data
- Sinulate production for shale provinces

3. Devel op In-Situ Stress Tool
- Perform basic design of wireline stress tool.
- Build and test proto-type tool.

Types of achievenents developed to date include the characterization of
geol ogi ¢ provinces -for susceptibility to water base fracturing fluids, the
devel opment of predictive codes for evaluation of stinulation techniques in spe-
cific geologic provinces and the verifications of a production performnce node
for the shale gas reservoir. The necessary devel opnents were achieved through
contracts with universities, DOE's National |abs, and private industry. Synthesis

of results are the responsibility of the Mrgantown Energy Technol ogy Center and
its technical support Contractor

PRODUCTI ON_ TECHNOLOGY DEVELGOPMVENT

This activity in the project is directed at the devel opnent of effective
stimulation nethods for various geologic environments and to test these designs
in field applications. The designs tested are conceptual nodels that have evol ved
from sequential |aboratory and sinulation studies. Detailed documentation of
field testsunder controlled conditions conplemented with systematic well testin
is conducted through cost-sharing contracts with private industry. Tasks an
el ements that support this activity are described bel ow

1. Stinulation Tests:
- Locate optimum wel| sites in geologic provinces.
- Performsite specific stimulation.
- Evaluate performance with predictive nodels.

2. Dual Conpl etion Tests:
- Locate prospects for dual conpletion wells.
- Perform Site specific stinulations.
- Eval uate econom ¢ aspects.

3. Reservoir Performance Analysis:
- Performmlti-well reservoir interference tests
- Determne well performance characteristics
- Verify rmodel performance capability.

4. Verify Exploration Rationales:
- Select sites using specific exploration concept.
- Collect data fromwells for analysis.

5. Test Exploitation Rationales:
- Select sites in geologic provinces.
- Stimulate and test wells.

- '"Evaluate cost-effectiveness of techniques in geologic provinces.

Together with siting wells adjacent to phototraces from aerial photography

anal yses, both exploration and exploitation testing in geologic provinces are in
progress. (Figure 2.) They are:
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Colunbia Gas System-- A total of 10 wells have been drilled in Lorain and
Trumoul I Counties, GChio, for production tests of new prospects in gas province
2. Conparative analyses of two stinulation techniques in each area is planned.

Mtchell Energy Corporation -- A total of 11 wells have beea drilled in Gallia
County, Chio, in gas province 2 to test and verify a new exploration concept for
| ocating gas-bearing fractured reservoirs. The concept is based on the deposi-

tional nodel for clastic sedinentation wherein natural conpaction fractures are
found along the flanks of the depositional highs.

Donohue, Anstey and Horrill -- Three wells are planned for Noble County, Onio,
to test the production potential of prospects selected on the basis of seismc
velocity |ows which are indicative of naturally fractured reservoirs. The concept
being evaluated is a new expl oration technique applicable to all the geol ogic

provinces in the shale. The project is a cost-sharing venture with Chio DCE in
gas province 2.

Donohue, Anstey and Morrill -- A 1Owell project for the Southern Tier Counties
of New York is in progress to test the production potential of new prospects
based on the exploration concept tested in Chio. The project is a cost-sharing
cooperative venture with NY ERDA in gas province 2.  Stinulation techniques
selected for testing will be based on site specific geol ogy

Thurl ow, Weed and Associates -- This contract is a 4-well test programto deter-
mne the nost effective nmeans of stinulating gas production fromthe shale in
the Knox County, Chio, area of geologic province 2. Support for this test pro-
gram has been obtained from Chio DOE

DuPont Corporation -- An g-well test project in Putnam County, West Virginia, of
geologic province 1 is in progress to evaluate the effects of an inproved expl o-
sive fracturing technique in the peripheral area of established shale production.

Addi tional requests for proposals are intended to investigate the production
potential of areas identified as prospects in geologic provinces 3 and 4.

RESEARCH RESULTS

oservations nmade to date indicate that gas occurs in natural fracture sys-
tems within the shale formation. The fractures serve as reservoirs and al so as
channel s of high perneability for novenent of the gas to producing wells. Because
the gas production rates associated with conventionally conpleted wells have been
too lowto be econonically attractive, efforts have been directed toward the
devel opment of stinulation and drilling nethods to connect nore gas—bearin% nat u-
ral and induced fractures to the wellbore. Development of this resource by the
private sector has been slow, however, because little is known about the native
fracture systems. The high variability in production potential adds to the uncer-
tainty facing poteniial developers. The results of research conpleted to date
in the fourth year of the project has increased the know edge base upon which
some strategy for exploitation can now be fornulated. Specific acconplishnents
achieved in the project are summarized



"~ Over 20,000 feet of oriented and non-oriented Devonian Shale core from
40 wells have been recovered for characterization studies. Si gni ficant
‘physical, geochemcal, and geological relationships have been determ ned
for Devonian Shale sanples to ascertain the source bed in stratigraphic
intervals. (Figure 3.)

.0

o

Geol ogi ¢ studies have resulted in the determnation of the cause, occurrence
and mode of fracturing in the Devonian Shales, and the delineation of gas-
rich zones in the subsurface

o

Field tests' (16) and denonstration projects have shown that advanced stinu-
lation technology (foam cryogenic, MHF, and chem cal explosive fracturing)
will inprove production nore than conventional wellbore expl osive stinula-
tion in the gas province associated with historical shale production.
(Tables 1 and 2.)

o Several novel exploration techniques for |ocating Devonian Shale gas reser-
voirs are being tested and eval uated and | ook prom sing.

o

Current assessnents of total gas-in-place have been calculated to range from
277903 Tcf.  (Figure 4.)

o A mathematical nodel for gas flow in Devonian Shale has been devel oped (yet
to be verified).

[=]

Foam fracturing for stimulation of Devonian Shal e wells has been assessed.
Foam fracturing appears to be suitable for shallow, |ow tenperature, and
| ow perneability Devonian Shales. Sand concentrations are currently limted
to 1 pound per gallon.

o

"Deviated wel|l technol ogy has been denonstrated but requires replication to
determne its full potential

o

An engineering assessnment of factors affecting gas production has determ ned
that formation perneability and induced fracture |ength are nmost inportant.

Accordingly, EGSP research has identified the nature of producible gas con-
tainnment to be the micro- and macro-fractures of the shale formation.  Know edge
of these fractures, their directionality, and density has enabl ed the devel opnent
and testing of effective techniques to connect the gas-bearing natural fractures
to the borehole. Tests of stinulation techniques in Iight of the geologic envir-
onnent in therespective gas provinces have pernmtted the devel opnent of a
rationale for stinmulation strategy. The results of these pilot tests are under-
going systenmatic evaluation to permt refinement of R&D objectives. Initial
econom ¢ anal ysis of Devonian Shale stinulation ventures have been encouraging
and indicate that shale gas production should be technically and econom cally
viable in sone geolegic provinces. (Tables 1 and 2.)
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COVPLETED:

NO TYPE

SUMMARY OF STIMULATION TESTS

TABLE 1

GAS PROVI NCES

No/ Aver age Fl ow

4 MHF

6 CRYOCGEN C

8 FOAM

5 CHEM. EXPLOSI VES

(255)
(301)
(207)
(314)

1 (36)

2 (150)

(283)

23

16



TABLE 1 (Continued)

SCHEDULED:
GAS PROVI NCES
NO/TYPE 1 2
3 CRYOGEN C 0 3
31 FOAM 0 31
3 CHEM EXPLCSI VES 0 3
8§ SOLI D EXPLCSI VES 8 0

45 8 37



TABLE 2

~10- .

Pl LOT TESTS OF STIMULATION TECHNI QUES

IN THE

EASTERN GAS SHALES

GAS PROVINCE NO._ 1

laitial Aver age
Stinulation Type State county Contractor Fl ow (MCFD) Fl ow ( MCFD)
MASSIVE HYDRAULIC W/ Li ncol n Col unbi a 322
FRACTURING W/ Li ncol n Col unbi a 38
W/ Li ncol n Col unbi a 145
W Jackson Consol i dat ed 173 255
CRYOGENI C FRACTURING KY Martin Col unbi a 620
KY Martin Col unbi a 133
VA W se Col unbi a 159 301
FOAM FRACTURI NG XY Perry KYy/wv €0
KY Perry KY/WV 337
KY Perry KY/WV 103
W Mason Reel Energy 330 2 0
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TABLE 2 (Continued)

CHEMICAL LIQUID WV Lincoln PTC 260
EXPLOSIVE FRACTURING WV Lincoln PTC 300
WV Li ncol n PTC 310
KY Pi ke PTC 350
KY Pi ke . PTC 350 314
Ref: State-of-the-Art Technol ogy: Borehole expl osives (80%gelled U itro) 226
for Gas Province No. 1 Hydraulic fracturing (water) 176
GAS PROVINCE NO. 2
CRYOGEX " FRACTURING H Trunbul | Col unbi a 36 36
FOoAM FRACTURING OH 0
NY 615 308
Ref: State-of-the-Art Technol ogy: Borehole expl osives (80% gel) 120

A
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GAS PROVINCE NO. 4

Initial Average
Stimulation Type State county Contr act or FI ow (MCFD) FI ow (MCFD)

CRYOGENI C FRACTURI NG W/ Monongal i a DOE/METC 12

PA Al | eghany Conb. Engr. 30 21
Ref: State-of-the-Art Technol ogy: None.

GAS PROVINCE NO. 5

FOAM FRACTURI NG KY Christian O bit 15

M Gst ego el ch 550 283

Ref: State-oi-the-art Technol ogy: Borehole explosives in KY, linited data, unavailable.

Hydraulic fracturing in M, linted data, unavail able.

Note: No stinulation activity has occurred in Provinces 3 and 6.
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Detailed project plans and mlestones for investigation of the defined geol
ogic provinces are illustrated in Figure 5. Project efforts are intended to
determ ne areal extent of potential gas producing regions within the outlined
provinces and to quantitatively determne availability so that industrialists in
relatively energy intensive activities such as those producing chem cal, plastic,

rubber, and gl ass products mght be able to plan for an uninterrupted or expanded
supply of natural gas.

1:jc:411a
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